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Background

Habitat degradation caused by resour ce extraction, hydr opower development and urbanization has
caused serious declinesin many steehead populations on the Pacific Coast. Many of these populations
have been listed asthreatened or endangered by the National Marine Fisheries Service. Aspart of that
listing, the NMFS prepar es and initiates programs designed to stop the declineand if possible rebuild
the affected populations. In extreme casesit might be necessary to removetheremaining fish or a
portion of them into captivity or a suitable protected wild environment to preservethe genetic

integr ety of the population until their native habitat can berestored and they can bereturned. ’ Allozyme Characterization Using 20

Variable L oci of Sashin Creek Steelhead
and 7 Derived Rainbow Populations

Whenever wild fish populations are maintained in captivity there are concer nes about long term genetic
change (domestication sdection, genetic drift, population bottlenecksetc.) occuring that might reduce
their ability to readapt to their original environment when reintroduction isattempted. It isthought
that some of the detrimental effects of domestication can bereduced if part or all of thelifecycleis
allowed to occur with minimal human intervention (Spawning in a natural environment with natural
mate sdection for example). In 1996, researchersat the Little Port Walter Resear ch Station recognized
that a unique stuation existed in the Sashin Creek water shed that might provide infor mation on long
term genetic changethat could occur when a population isremoved from its natural environment and
moved to a different wild environment and maintained there under natural conditionsfor many
decades.
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In 1926 wor kersfrom the Wakefidd FisheriesPlant at Little Port Walter captured juveniletrout from
lower Sashin Creek, that hasa small wild steelhead population, and transported them to Sashin Lake
which, until that time, had been barren of any fish. By 1936 when a survey of thelake was done, the
population numbered in the thousands and has continued so to thisday. No other introductions of fish
into the lake are known to have occurred and the habitat of the water shed hasremained in apristine
condition sincethat time. 1n 1938 Forest and Fisheries Service persond, responding to requeststo

to many other barren lakes and successfully established populationsin many of them. Unlikethefirst
transplant of fish by the Wakefidd workersfor which number s of fish moved were not recorded, good
recor ds wer e kept of the 1938 transplants on timing and number s of fish used to establish each
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population.

By using various biochemical techniques such as starch gel dectrophoressand DNA sequencing,
resear cher shoped to be able to see how much, if any genetic change has occurred sncethetwo
transplant events.

M ethods

Rainbow trout were collected from Sashin L ake and five lakes that
had been stocked with fish from Sashin Lakein 1938 (Round L ake,
Betty L ake, Fawn L ake, Rezenof L ake, and Davidof L ake). Rainbow
trout were also collected from a section of Sashin Creek below Sashin
L ake but above the anadromous portion of the creek, between barrier
falls. Minnow traps, fyke netsand sport lineswere used to collect
rainbow trout and the Sashin Creek weir was used to collect adult
steelhead. Sample collectionswere madein 1996 and 1997.

Three basic biochemical proceedureswere used to explore genetic
variation in the eight populations of rainbow trout and steelhead.
Ventral fin tissue sampleswere taken to extract mitochondrial and
microsatellite DNA. Tissue from the heart, liver, eye and skeletal
muscle was taken to analize enzyme composition (allozymes).

For mitochonrial DNA, a highly variable, 188 base pair segment of the
control region and 5 base pairs of the adjacent phenylalaninetRNA
gene were sequenced to compare variation between the eight
populations. 502 fish were screened at ten nuclear microsatellite loci
chosen for thisstudy based on variability seen in other studies. For
allozyme analysis, heart, liver, eye and skeletal muscle in each of 554
fish were screened at a total of 73 loci known to be variablein
steelhead and rainbow trout.

Dramatic differences wer e observed in some forms of genetic variability for all three methods tested.

For mtDNA, five haplotypes wer e observed in the steelhead but only the most common of those, MSY 1, was observed in
the rainbow populations above thebarrier fallsor in the other lakes derived from the Sashin Lake fish (1938 transplant).
For the microsatellite loci observed, 111 alleleswerefound in the 10 loci for all the samples combined. Twenty-seven of
the 111 alleleswere classfed as" common" in that they had a frequency greater than 5% in the combined population
sample. Theincidence of these common alleleswas not significantly different between the populations. The major
differencewasin therare and unique alleles. Rarealleesarethosethat arefound in morethan one population but at a
frequency of 5% or lessfor all populations combined. Unique alleles arethose found only in one population. In these
populationsthe unique alleleswere also at low frequency and when combined with therare alleles accounted for 84
allelic variants. For thisform of genetic variation there wer e dramatic differ ences between populationswith thethe
rainbow populations having four to five timesfewer unique and rare microsatellite alleles per fish than the steelhead.

Results were even moredramatic for the allozymeloci. Of the 73 loci screened, 20 wer e found to be variablein one or
mor e of the eight populations examined and contained 62 allelic variants. Presence of unique and rare alleleswas
generally 10 timeslower in the rainbow populations.

Very little difference was detected between Sashin Lake and Round Lake (which was started with a transplant of 85 fish
10" or longer) populationsfor rare microsatellite alleles however some reduction was seen in the frequency of rare
allozyme alleles. The Betty Lake, Fawn Lake, Davidof Lake and Rezanof L ake populationswereall started with 50 fish
each (also 10" or longer) and had some variability in reductionsin rare alleles. Betty Lake had a substantial reduction in
raremicrosatellite alleleswhilelittle difference was detected in the other threelakes. For allozymeloci, norarealleles
wer e detected in ether Betty or Fawn Lake populations and Rezanof Lake had some reduction in number.
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Condusons

Qubgtantial genetic differencesexig between the anadromous sedhead of lower Sashin Creek and
theresdent rainbow trout population of Sashin Lake. The genetic evidenceindicatesthat the
Sashin Lakerainbow population isa subset of the sedhead population of thelower cresk whichis
conggtant with the higorical gockinginformation. All threetypesof genetic dataindicatea
ubgantial reduction of genetic variability in the lake population which islikey to have occurred
because of a population bottleneck (very few individualsreproduced to createthefollomng
generation) at somedage. Becausethewatershed isin prigtine condition and the surveysin 1936
revealed a population in thelake numbering in the thousands and has continued soto thisday, it is
likely the bottleneck occurred at, or within, a couple of yearsaof theoriginal trangplant in 1928, The
data from the mitochondrial DNA ( which isinherited only through the female parent) indicates
that probably fewer than five femal es successfully reproduced to sart the Sashin Lake population.
Whilethe maj ority of the common microsatdlite and allozyme alldes appear to have survived the
bottleneck, a substantial amount of variation intermsof rarealldeswaslos. Lossof rarealldesin
a population often occursthrough gengtic drift, arandom, socadtic process accentuated by small
population 9zethrough several generationsor occassonally, a onetime event because of avery
small population. Because of thehigory of Sashin Lake, the microsatdlite and allozyme data also
confirmtheevidencefor an initial bottleneck event.

Theresultsof the genetic data also confirm the 1938 trangolant information and generally rule out
any successful subsequent socking of other fish into those sysemsafter theoriginal one. Unlike
thedramatic lossof genetic variation that occurred with thefirg trangplant event in 1928,
reativedy modest amounts of losswere deected in thefive populations created from the 1938
trangplants. Somereductioninrarealldesfor ether or both microsatdliteand allozymeloc does
Indicatethat the gocking rateswerenat sufficent totrander the genetic variation fill remaining
In Sashin Lakeintact totheother lakes It isimportant to note however that in the case of Round
Lake, wher e the maximum possble effective population Szefor thefirs generation wasthe number
gsocked (85) and the actual number was probably far less, most of the genetic variation seen inthe
Sashin Lakefish was successfully trandferred.

Thisresearch highlights both the potential genetic pitfallsand possbilitiesof usng small numbers
of fish to establish new populations. In areaswhere populationshave become depleted and
threatened, it may be possbleto removea portion of what remainsto an isolated, protected
environment with the expectation that, after several generations, a sgnificant portion of the gentic
variation originally present will remain if genetic bottleneckscan beavaided. It alsoindicatesthat
ggnificant ancestral genetic variation may ill remain in the upper reaches of water shedswhose
figh populations were bisected by dams




